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(54) MANUFACTURE OF CANTILEVER TYPE MINUTE PROBE AND CANTILEVER TYPE 
MINUTE PROBE 

(57)Abstract: <*> 
PROBLEM TO BE SOLVED: To enlarge the degree of 
selection of a projection material and its utilizing 
efficiency by continuously projecting a low energy 
focused ion beam to one point near the free end of a 
minute cantilever under a vacuum condition to form a 
minute needle-shaped projection. 
SOLUTION: After a Si3N4 thin film is formed on the 
surface of a substrate of Si or the like, it is patterned into 
the form of a cantilever 2, and moreover an unnecessary 
part is removed by etching the back side of the substrate 
to form into the form of a stationary substrate 1. Next, 
one point near the free end of the cantilever 2 is 
continuously irradiated with a low energy focused ion 
beam under a vacuum condition to evaporatedly form a 
minute needle- shaped projection 3, for instance, so that the diameter of the base or one side 
and height may be alike about 20-30nm. As an evaporateable material, almost all metals and 
semiconductors can be utilized for ion species, and the single substance or alloy of Au, Cu, 
Nb and Ge are included in them. Since the projection 3 is evaporatedly formed on the surface 
of the flat cantilever 2, the utilizing efficiency of the material can be improved. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cantilever mold minute probe which can be 
obtained by the manufacture approach which SPMs (probe scan mold microscope), such as STM 
(scanning tunneling microscope) and AFM (atomic force microscope), use, and which can be used as a 
probe or the magnetic head and the manufacture approach of a cantilever mold minute probe 
[0002] ' K 

[Description of the Prior Art] STM which measures the surface state of a sample by operating a probe, 
keeping constant the tunnel current which flows between a probe and a device under test, In scan mold 
microscopes including probes, such as AFM which operates a probe, keeping constant the variation rate 
(bending) of the probe resulting from the force of acting between a device under test and a probe 
Generally the so-called cantilever mold minute probe to which the end was equipped with the minute 
needlelike projection near the free end of the minute cantilever fixed to the substrate is used, and it is 
****. Asan approach of manufacturing such a cantilever mold minute probe, the approach [ like ] is 
learned next conventionally. 

[0003] One is the approach of being called a replica method which uses the etching anisotropy using a 
single crystal. The outline of the process is typically shown in drawing 1 - drawing 4 . first a sectional 
view is shown in drawin g 1 (A), and a top view is shown in (B) - as - the front face of Si single crystal 
substrate 10 - Si02 etc. - minute rectangle hole 1 la is formed in a bonnet and its mask 1 1 with a mask 
11. Next, through the mask 1 1, by etching Si single crystal substrate 10 using etchant, such as KOH 
TMAH (tetramethylammonium hydroxide), a hydrazine, and EDP (ethyl enedi amine pyrocatechol) as a 
sectional view is shown in drawing 2 (A) and a top view is shown in (B) using the etching anisotropy 
hollow 10a of rectangular-head drill type is formed, next, the hollow 10a is embedded - as - Si3 N4' 
etc. - by forming the film and carrying out patterning of the film using a photolithography technique as 
a top view is shown in the drawing 3 (A) sectional view and (B), it leaves the film 12 of the shape of a 
strip of paper which the end section became depressed and entered in 10a. Subsequently Si3 N4 by 
which the end was fixed to the Si plinth 100 as by removing a garbage including the formation part of 
hollow 10a by etching from the rear-face side of the Si single crystal 10 showed a perspective view to 
d rawing 4 Near the free end of the cantilever 101 of make, the cantilever mold minute probe of the 
structure equipped with the minute needlelike projection 102 of rectangular-head drill type is obtained 
[0004] Other one of the manufacture approaches of the conventional cantilever mold minute probe is the 
approach of using side etching. If that amount of etching is large in case this approach tends to carry out 
patterning of the substrates 20, such as Si, by etching through the masks 21, such as resist film as 
typically shown in drawing 5 (A) and (B) Although the phenomenon called side etching to which 
etching advances also in the lower part of a mask 21 arises It is the approach of forming minute probes 
such as a cone form or a pyramid form, near the free end of a cantilever by using this phenomenon 
positively and choosing the configuration of a mask 21, magnitude, etching conditions, etc suitably 
[0005] Moreover, the etching effectiveness as an interaction on the front face of the matter is large and 
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is applied as ion beam milling, and the ion beam which has the energy Number keV - near 50keV 
conventionally is Ga+ of 20-50keV especially. A focused ion beam can narrow down a beam diameter 
to submicron order, and the milling processing technique of a high resolution using this is put in 
practical use. according to this technique, since it is markedly alike as compared with a photolithography 
technique and a high processing degree of freedom is obtained, the approach of carrying out additional 
processing of the part for the minute needlelike height of the cantilever mold minute probe obtained by 
said each process carried out etc. with this ion beam milling technique is put in practical use 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in the approach which used a replica method 
and side etching among the manufacture approaches of the conventional cantilever mold minute probe^ 
since it is an approach using ingredient chemical property, an applicable ingredient has the fault that 
there is much constraint. The cantilever mold minute probe used as probes, such as the former, for 
example, AFM etc., by considering that as a cause is Si and Si3 N4 which can be manufactured by these 
approaches. It is not put in practical use with the construction material of an except. 
[0007] Moreover, there is a fault that the purity of a minute probe will fall, in the approach of carrying 
out additional processing of the cantilever mold minute probe using an ion beam milling technique. That 
is, since there is an ion-implantation operation other than an etching operation, it is not avoided by the 
ion beam of 20-50keV that Ga used for milling processing mixes into a probe ingredient as an impurity. 
That a probe ingredient is physical or when using chemical property positively, disadvantage may be 
produced because the purity of a probe ingredient falls. For example, when the magnetic substance tends 
to be used for a probe ingredient and it is going to obtain the cantilever mold minute probe of a magnetic 
force detection mold, permeability, coercive force, etc. become small because the purity of the magnetic 
substance falls, and sensibility will fall as a result. 

[0008] Furthermore, in the conventional manufacture approach, in order to obtain the cantilever mold 
minute probe of request structure beginning to delete the all from a bulk-like ingredient, there is a fault 
that the utilization effectiveness of an ingredient is remarkable and it is low. 

[0009] The selectivity of this invention of the construction material of the minute needlelike projection 
which was made in view of such the actual condition, and is formed near the free end of a cantilever is 
very large, and, moreover, it aims at the manufacture approach of a cantilever mold minute probe with 
the large utilization effectiveness of an ingredient, and offering the cantilever mold minute probe which 
can be obtained by it and which has the minute needlelike projection of the construction material which 
is not yet put in practical use as compared with each conventional process 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned object, by carrying out 
continuous irradiation of the focused ion beam of low energy in a vacuum to one near [ where the end 
was fixed to the substrate ] the free end of a minute cantilever, the manufacture approach of the 
cantilever mold minute probe of this invention makes the ion vapor-deposit directly, and is characterized 
by forming the minute needlelike projection which it becomes from the simple substance, alloy or 
compound of a metal or a semi-conductor. 

[001 1] By the manufacture approach of the cantilever mold minute probe of this invention, additional 
processing may be carried out to the minute needlelike projection formed as mentioned above by the ion 
milling using the focused ion beam which uses as an ion kind the element contained in the minute 
needlelike projection concerned. 

[0012] Furthermore, the cantil ever mold minute probe of this invention is characterized by forming the 
minute needlelike projection w hich consists of an alloy which combined the simple substances of thesef 
elements formed when an end^or^depositi^ the focused ion beam of Au, Cu, Nb, Ti, Co, nickel, FeJ 
Ag, aluminum, Pd, Pt, or germanium directly near the free end of the minute cantile'ver'fixe'd to the 'P 
substrate, or these elements. 

[0013] Here, in the manufacture approach of this invention, construction material is arbitrary in the 
manufacture approach list of the cantilever body except a minute needlelike projection, and the 
construction material of a cantilever body is not limited to it in the cantilever mold minute probe of this 
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invention. 
[0014] 

[Function] The data that the evaporation rate on a target flat surface reflects this invention in the beam 
profile of an ion beam with focused ion beam direct vacuum deposition, and the beam profile of a 
focused ion beam tend, to form a minute needlelike projection there using resembling Gaussian 
distribution by irradiating a low energy focused ion beam in a vacuum one near the free end of a minute 
cantilever. 

[0015] That is, if a focused ion beam is irradiated on the flat front face of a target, the evaporation rate to 
the target of the ion will reflect the beam profile of an ion beam, i.e., distribution of a consistency. If this 
density distribution is approximated to Gaussian distribution, therefore continuous irradiation of such a 
focused ion beam is carried out to one point of a target at the basis of low energy, as shown in drawing 6 
(A), in the time of an exposure of focused ion beam B, the thin film F with which the amount of center 
section rose on the front face of Target T according to the density distribution of Beam B will be formed 
(nuclear growth). In order to lead a focused ion beam to Target T by low energy, the electric field for the 
slowdown for slowing down an ion beam B just before Target T are formed here, but by forming in 
Target T the thin film F (nucleus) with which the amount of [ above-mentioned ] center section rose, 
distortion and a divergence field are generated so that the electric-field distribution which is a slowdown 
field for an ion beam B may meet a nuclear configuration. Line of electric force f and the equipotential 
line p show the condition to drawing 6 (A). 

[0016] If the exposure of a focused ion beam is further continued in the state of generation of such a 
divergence field, as the evaporation rate difference of a core and a periphery is promoted and it is shown 
in drawing 6 (B), the amount of center section will rise further, and distortion of electric-field 
distribution will also increase, and the evaporation rate difference of a part for a center section and a 
circumference part will spread further (nuclear growth). 

[0017] And eventually, as shown in drawing 6 (C), only a central punctiform field grows and the minute 
needlelike projection N with an acute configuration is obtained. Therefore, according to the manufacture 
approach of this invention, in order not to begin to delete like the conventional process and to carry out 
vacuum evaporationo formation on the front face of a flat cantilever, the utilization effectiveness of the 
minute needlelike projection N of an ingredient improves remarkably. 

[0018] Moreover, according to the focused ion beam direct vacuum deposition used in the manufacture 
approach of this invention, the cantilever mold minute probe which could almost use all metals and 
semi-conductors as an ion kind, therefore was equipped with the minute needlelike projection of the 
various construction material which can be vapor-deposited with focused ion beam direct vacuum 
deposition near the free end as construction material of the above-mentioned minute needlelike 
projection N can be obtained. Moreover, the formation of a minute probe which consists of the alloy or 
compound of a metal or a semi-conductor is also possible by using two or more ion kinds. 
[0019] Even if the ion for the ion milling is poured in into the minute needlelike projection N by facing 
performing additional processing in order to attain radicalization and pillar-shaped-ization more here to 
the minute needlelike projection N obtained by the above manufacture approach, and performing ion 
milling using the focused ion beam which uses as an ion kind the element contained in the minute 
needlelike projection N, this does not serve as an impurity. 

[0020] On the other hand, although the cantilever mold minute probe of this invention is equipped with 
the minute needlelike projection manufactured by the above-mentioned approach near the free end of a 
cantilever, it is characterized by the point of having the minute needlelike projection which consists of 
construction material which cannot be acquired depending on the conventional manufacture approach, 
i.e., the construction material which is not yet put in practical use. Namely, Si and Si3 N4 
conventionally put in practical use as a minute needlelike projection On the ingredient and concrete 
target which can remove and can vapor-deposit with focused ion beam direct vacuum deposition It is a 
cantilever mold minute probe with the structure where the minute needlelike projection which consists 
of simple substances of the thing of arbitration or these alloys among the elements of Au, Cu, Nb, Ti, 
Co, nickel, Fe, Ag, aluminum, Pd, Pt, or germanium was formed near the free end of a cantilever By 
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using the cantilever mold minute probe which has the minute needlelike projection which consists of 
such construction material, it can consider as the probe using the physical properties of the ingredient. 

[Embodiment of the Invention] Drawing 7 is the process explanatory view of the manufacture approach 
of this invention. First, as shown in drawing 7 (A), the minute cantilever 2 by which the end was fixed to 
the fixed substrate 1 is created. Although ** the construction material of this fixed substrate 1 and a 
cantilever 2, especially it is not limited, it uses the fixed substrate 1 as Si substrate as that example, and 
it is Si3 N4 about a cantilever 2. It can consider as a thin film. Although not especially limited about the 
approach of creating the structure shown in this drawing 7 (A), moreover, as that example It is Si3 N4 
uniformly on the front face of substrates, such as Si. After forming a thin film, patterning of this is 
carried out to the configuration of the cantilever 2 shown in drawing 7 (A) by the photolithography 
technique. Furthermore, etching from the rear-face side of a substrate can remove the garbage of a 
substrate, and the approach of making it into the configuration of the fixed substrate 1 shown in this 
drawing can be adopted. Here, the width-of-face dimension of a cantilever 2 is about 100 micrometers. 
[0022] Next, by carrying out continuous irradiation of the focused ion beam of low energy into a 
vacuum to one near the free end of the cantilever 2 of drawing 7 (A), as shown in this drawing (B), the 
minute needlelike projection 3 is formed near the free end of a cantilever 2. As for the magnitude of this 
minute needlelike projection 3, the diameter of a base or one side of height is 20-30 micrometers 
similarly in about 20-30 micrometers. 

[0023] The example of a configuration of the focused ion beam equipment suitable for carrying out 
continuous irradiation of the focused ion beam of such low energy to drawing 8 is shown. The focused 
ion beam equipment in this example As the liquid metal ion source 81 heated at a heater, the condensing 
lens 83 which converges the ion by which contiguity arrangement was carried out, and which pulled out 
and was pulled out from an electrode 82 and the ion source 8 1 on the ion output port, and a mass 
eliminator The ** ExB mass filter 84 and the beam aperture 85, and a beam are scanned. The objective 
lens 87 on which an ion beam is converged just before the deflecting electrode 86 for positioning an 
exposure location and Target T, the target holder 88 which supports Target T, and the stage 89 which 
supports the target holder 88 through Insulator G are used as main components. These are held in the 
vacuum chamber 80. 

[0024] Electropositive potential is given to the liquid metal ion source 81 with an accelerating electrode 
91, it pulls out with this liquid metal ion source 8 1, and sufficient potential difference to pull out the ion 
within the ion source 81 is given among both between electrodes 82. 

[0025] Moreover, the slowdown power source 92 is connected to the target holder 88 electrically 
supported by floating to other components with Insulator G, and slowdown electric field are formed 
between the external electrodes by the side of this target holder 88 and the target holder 88 of the 
objective lens 87 which is an electrostatic lens with three-sheet electrode structure. In addition 93 is a 
heater power source for heating the liquid metal ion source 81, and 94 is a Faraday cup for a cylinder 
etc. being equipped, being pulled out by at any time in an ion beam, and carrying out the monitor of the 
ion beam current. 

[0026] While the ion pulled out and accelerated from the liquid metal ion source 81 by the above 
configuration converges with a condensing lens 83 Only request ion is sorted out by the ExB mass filter 
84 and the beam aperture 85 of the next step. Furthermore, although the beam which consists of the 
single kind of ion converges further and carries out image formation to a minute spot and the front face 
of the target T on the **** target holder 88 with an objective lens 87 through a deflecting electrode 86 
the final energy of only the difference of the potential of the ion source 81 according [ the ion beam 
which ion is slowed down by the slowdown electric field formed just before Target T, and reaches 
Target T after all ] to the acceleration power source 91, and the target potential by the slowdown power 
source 92 - with, Target T is reached. 

[0027] The minute needlelike projection 3 shown in drawing 7 (B) is obtained by slowing down and 
carrying out continuous irradiation of the ion beam which consists of a desired ion kind at 
predetermined low energy using focused ion beam equipment with such a slowdown function to one 
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near the free end of the cantilever 2 shown in drawi ng 7 (A), as a focused ion beam -- Au+ Using a 
beam, by carrying out continuous irradiation of this to one near the free end of a cantilever 2 with 50eV 
energy, the minute needlelike projection 3 which makes Au of a high grade construction material is 
formed of the process shown in said drawing 6 (A) - (C) carried out, and the cantilever mold minute 
probe for AFM is obtained according to it. 

[0028] To a device under test, it is inactive chemically to set the minute needlelike proj ection in the 
cantilever mold minute probe for AFM to Au here, it means that all chemical reactions do not arise 
between device under tests, and is especially chemically effective on the occasion of measurement of an 
activity sample. Moreover, when it uses for STM although a device under test is not damaged and 
conductive degradation by oxidation moreover does not arise therefore since it is comparatively soft, 
there is an advantage that a life becomes long. 

[0029] Moreover, as a low energy focused ion beam, if the ion beam of the magnetic substance, such as 
Co+ and Co2+, is used, the cantilever mold minute probe with the same structure as the sensor for AFM 
for MFM (magnetic force microscope) will be obtained. That is, although magnetic distribution of a 
device under test is measured by scanning a probe in MFM, maintaining at a constant rate the magnetic 
force which acts between a device under test and a probe, and it is necessary to be the magnetic 
substance as the probe, the thing of structure equivalent to the sensor for AFM as such a probe is 
obtained by this invention. And the cantilever mold minute probe which has the minute needlelike 
projection of such the magnetic substance can be used also as the magnetic head, and can attain a large 
miniaturization as compared with the magnetic head of the structure known now. 
[0030] In the manufacture approach of this invention, the ingredient which constitutes the minute 
needlelike projection 3 is not restricted to the above example, but if it is an ingredient which can be 
ionized and can be made into a focused ion beam, it can use the ingredient of arbitration Moreover the 
minute needlelike projection 3 which consists of these ion kinds of an alloy or a compound can be ' 
formed by irradiating the low energy focused ion beam which consists of two or more sorts of ion kinds 
alternation or simultaneous. In this time as an ingredient in which such focused-ion-beam-izing is 
possible The metal of Cu, Nb, Ti, Co, nickel, Fe, Ag, aluminum, Pd, and Pt besides above Au and Co 
And the semi-conductor of Si and germanium is checked, therefore such an element can be created as' 
construction material of the minute needlelike projection 3 in the manufacture approach of this invention 
with the alloy or compound which is a simple substance or was combined suitably. 
[0031] Moreover, the cantilever mold minute probe of this invention can be made into all the 
construction material except Si conventionally put in practical use among the simple substance of the 
above-mentioned element, the alloy, or the compound as construction material of the minute needlelike 
projection 3. 

[0032] Thus, in relation with combination with a device under test, or the physical properties which it is 
going to measure, enlarging the variation of the construction material of the minute needlelike projection 
3 can make it possible to use the cantilever mold minute probe which has the minute needlelike 
projection 3 of the optimal construction material, and it can extend the measuring object (a sample 
physical properties) by various kinds SPM. ' 
[0033] Here, in the above-mentioned gestalt of operation, although the example which made the flat side 
the formation part of the minute needlelike projection 3 of a cantilever 2 was described the location 
which should form the minute needlelike projection 3 on a cantilever 2 may be made into the 
configuration which rose beforehand. 

[0034] That is, first, as the explanatory view of a production process is shown in drawing 9 as shown in 
this drawing (A), climax section 2a is beforehand formed in the location which forms the minute 
needlelike projection 3 of a cantilever 2. When this supports a cantilever 2 to the target holder 88 of the 
focused ion beam equipment illustrated to drawing 8 , as the equipotential line p is shown in drawing 9 
(A), a slowdown field becomes what was distorted from the beginning. If a low energy focused ion 
beam is irradiated continuously in this location, the evaporation rate of ion will be combined with the 
density distribution of that beam, and will rise, the core of section 2a will become large as compared 
with a periphery, and as an operation equivalent to the case where a focused ion beam is irradiated is 
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acquired from the above mentioned condition of drawing 6 (B), consequently it is shown in drawing 9 
(B), minute needlelike projection 3' which has an acute head on climax section 2a is obtained. 
[0035] Next, how to carry out additional processing is described to the minute needlelike projection 3 or 
3' of a cantilever mold minute probe obtained according to the gestalt of each implementation of the 
above this invention approach. Although a sample with the big line and tooth-space structure of an 
aspect ratio as shown in drawing 10 (A), and this are the typical structures of an optical grating, the 
fidelity of an AFM image falls also by the minute needlelike projection obtained by the minute' 
needlelike projection 3 or 3' obtained by the manufacture approach of above-mentioned this invention, 
or the above mentioned conventional manufacture approach when AFM observation of such a sample' 
was earned out. That is, the configuration of the minute needlelike projection obtained by the 
manufacture approach of this invention and each conventional manufacture approach turns into a 
configuration near a pyramid or a cone. When measuring the sample which has a profile like drawing 10 
(A) by such minute needlelike projection of a drill form, as shown in this drawing (B), the minute 
needlelike projection N and a sample interfere and the fidelity of an AFM image gets worse. In such a 
case, by carrying out additional processing of the configuration of the minute needlelike projection N to 
the form where it is more near in the shape of a column, as shown in drawing 10 (Q, interference with 
the minute needlelike projection N and a sample is reduced, and it becomes possible to improve the 
fidelity of an AFM image. 

[0036] Although it is as having described above that the ion milling technique using Ga ion will be 
adopted, and Ga will be conventionally poured into a minute needlelike projection as an impurity as the 
result on the occasion of such additional processing, in this invention, it is performing ion milling by the 
focused ion beam using the ion of the element contained in the construction material of the minute 
needlelike projection N, and mixing of such an impurity is prevented. 

[0037] The example of the additional processing is shown in drawing 1 1 . When the minute needlelike 
projection 3 created by the manufacture approach of above mentioned this invention in this example is 
Au, it is Au+ of energy 20keV as a focused ion beam for ion milling. An ion beam is used In this case 
as shown in drawing 1 1 (A), that beam is circularly scanned with the deflecting electrode 86 of the 
focused ion beam equipment which made the beam diameter smaller and illustrated it to drawing 8 
rather than the focused ion beam when forming the minute needlelike projection 3 Thereby the minute 
needlelike projection 3 is processed in the shape of [ with a more high aspect ratio ] a column as shown 
in this drawing (B), and the fidelity of the AFM image is improved also for a sample as shown in 
drawing 10 (A). 

[0038] The point which should be noted especially in this approach is a point which carries out ion 
milling by the ion beam of the element which constitutes the minute needlelike projection 3 even if the 
ion used for ion milling is poured into the minute needlelike projection 3 by this, it stops becoming an 
impurity and the purity of the minute needlelike projection 3 does not fall by additional processing 
[0039] moreover, the focused ion beam which consists the pyramid obtained by said this invention 
approach carried out, or the conic minute needlelike projection 3 or conic 3' of ion of the element 
contained there like the above as other gestalten of the additional processing of such a minute needlelike 
projection - for example, an unsymmetrical configuration is also processible by shaving off a certain 
specific side face. 

[0040] Moreover, it is also possible to pour a specific metallic element into a minute needlelike 
projection as an impurity intentionally as application of this invention. That is, application of pouring 
metals, such as Au and aluminum, into the minute needlelike projection made from Si and raising 
conductivity, for example to it is possible 
[0041] 

[Effect of the Invention] As mentioned above, according to this invention approach, since a minute 
needlehke projection is formed there by irradiating a low energy focused ion beam continuously near the 
tree end of a cantilever to one point, the cantilever mold minute probe which has the minute needlelike 
projection which consists of almost all metals and semi-conductors that can be used as an ion kind of a 
focused ion beam can be obtained. And it can obtain a cantilever mold minute probe with the minute 
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needlelike projection of high purity while it can raise the utilization effectiveness of an ingredient 
substantially, since it does not begin to delete the minute needlelike projection from a base material like 
the conventional approach. 

[0042] Moreover, the result from which the selectivity of the construction material of a minute 
needlelike projection serves as size substantially as compared with the conventional manufacture 
approach, By obtaining the cantilever mold minute probe which consists of an ingredient which is not 
put in practical use conventionally, for example, forming the minute needlelike projection of the 
magnetic substance, as a probe for magnetic force microscopes A cantilever mold minute probe usable 
as the magnetic head can be obtained, and a device under test is received by using Au. Chemically or 
with inactive Without damaging a device under test, since it is soft, since there is moreover no 
conductive degradation by oxidization, it uses for STM and the long cantilever mold minute probe of a 
life is obtained. 



[Translation done.] 
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<7)mz-mi-z>iuzmmtm$ico$:iiL 
tz&h^MmmtiAFMmziitibtti. m 
mz&mmmiz&^x^ -muz* -wmmizmz 

5 iitzWb** y-f-u^-v g feffim izm^iwm 

6 km 1 £ , ■ i, vM9> £ * y * 1/ A-Ma^M^'ffl v > ^ 

[0003] -Oii, ijSfeFn^fflVvc, Wi7fy/ 

i(a) izmmrn. ( b ) izw-mmzmt j oc, si 

##§n!iffl£l 0t7)Hffi£S i O2 f(9?X^ 1 ITS 

k f^vx^ 1 ltiit/h^wi 1 

f«7X^ 1 1 £rt-t,T\ KOH, TM AH 

h'^'y, EDP (xfl/yy"rS>fD^f3-/P) 
^«x y h £#WC S i 1 0 £x 7 f- 

H2 (AH^HEL ( B ) (c^IBIII£7j^-J; -5 IzBP) 50 



n^a^ 1 0 a 4 . at, tnm*. 1 0 a s- 

* I- V y/77 < SffiSrlB^T^-xy^-f £ ii; 

i-oTs 12 3 (a) BBS®, ( b ) izw-mmzm-k ? 

-«aw«3» 1 0 amzx^jL^tmm^m 2 
taw-, &w-es o<n$mmtft><7)x.<y j f-y 
0, a#i 0 ao^gp^&^feJt^ggp^&i^ 

^■f-Sittio-c. H4te««ei*jjrfJ:3fc, Si 

[0004] ft*^^ y+urt-mst'i'$ffi<vmfi& 
4. zmmt. 1215 (a) , (b> m^mz^i-x 

fc, -e<ox>yf-y^4^#v^fc, -7X92\cryfmz 
tx-y fy^lfffst^ Kx . y f-y^t ^§tLl.ii 

x\ ^yi-u^-cmmmiznmmtzmmmm 
^wmmmm-t-fimx-h^ . 

[000 5] 4)t, ft*, Ike V~5 0ke V#Jfi(0 

t-C^ffl$ix-CfcD. ttt2 0-5 0ke.VOGa 
— t X'tfc DjLtJZtf^X'^ , -tl*fflV^Svi«^$ 

g*^* { #A,iil)i t i £7)^ ?}-y h-A 5 'J y^" 

tmizxix. mizifc&mmizx *mt>tufc*y*i, 
tmmk$tix^&> 

[0006] 

ft*s WiffAFM^(7>Tn-7 tL-Cffl^^it|>^y 

[ 0 0 0 7 ] a ^ *y f-A s y yftmzmm I 

x^yi-u^-mwmmmnjLturmza^x 

it. Wt*mt0MKWFF IX 1 1 0 1 

l>. t%bh. 20-50keV(7)^>h'-ACIi, 

x.y^y^ffl^ffit^^yjiAftffl* { $)^^, 5 y 



(3) 
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salt Lt o z timif^ti^\ mmwDWiztf 
T¥& z t x\ mmm<vmmmfc i ^ ^Ht^wttwt: 

mm mmfMzmtwm^xm^mmmm y+ 

o&rifih z t x-mmm. turnim 1 ^ < % o , 

k L-T J&KtfffiT LT L£ -3 ZblZ^Z) . 
[0 0 0 8] It, &*OSW£fe£^Tt4. *W 

[0009] *SS>fil±;oJ: atHfflfttt^T^Sfut 

& . # y f - w g EtiS)s«fc^^ § ft h w.'U\ 
wmmm.<rmmfim>x-k*<^ uH>vflaw> 

&Si£feJt LT8*l<^JB»*0fc*:* v ^ yf- ws-g 
8M^ttf>mfr£k , *ftfe 4 r>Tf»6C k W8 

[0010] 20 

s83&g£Kt@^ $ nitat/M y f - w "?-<o a &m&m 

-iife, X£*feTffix;M^(7)*5fH ^yf-AS-jl 
fc{4¥$tt«J|ift& L < (i££i£(4^1i*^3: 

mA^mmmmfcttz uz x^xmwiti 

[ooii] ^Ww*vf-w<-Sfi^NS5«^WKr 
&T14. H±»4 -3 fe LT^;WcM'HWc^jtafe*f 30 

[ o o i 2 ] st, *flBJ^yf-w\'-s$M« 
lis -«*«fe@£§;hjiifch#yf - w W>B 

j£$fe, Au, C u , Nb. Ti, Co, Ni, Fe, 

Ag, ai, Pd, Pt, i fdiG e <nWiLA :*y t*- 

6*4fiM>#M^eBiWftftS*irv^c: kfe4-?T=$ffi 40 
[00 1 3] £iT\ *»W<Oi0S*S{c4i^-C» 

fefcv>Ti>. *y-fi/^'-**co«®{i(is§n^v\ 

[00 14] 

-y-y N¥ffi±T-0^*i&£#-f :*y t'-A(7)t'-A7 
o7W/Mi£Brf &|S5lk , 'mJK^jJ-yf-AtfDh*- 
^D7T^ Mi^Xjtf&ICjfitW-S ,1 k £f m L 50 



T „ J> Stf T-ffix */Hf&jfc>f t)- y t - a s «t/jv& y^ 

[0015] t3rfc*>. ?-^>y hWfl^SiCM 

-f^-vt-Aiaafrrii:, ^M^y^-y^hA. 
mubx^'o. £«43&&3H*yt-A 

£ffix^*V)l>kfe:?-^y h<o-j£fc3£HHBIW-* 
k- 06 (A) fe^-f4dfe. *S?-f^yf-AB<7)B3 

at^fcyB tx *) fcmmF tfftm s 

ii* (SojS^) . ZZX\ SSS'fsj-yt'-A^ffix* 
y tT-A B fe 4: -5 TM&tf-Cft * , WW®. 

6 (a) tmscwif twttiptiots*-. 

[0016] icoj; 3 ^lfc»c7)^TOTSfem^^ 

?ry t-AODggw sriBM-r^ k , cp'C^k^iaspon* 

a^H^K)^§ix. 06(B) feiKfi;3fe, Sfe4>* 

*) . 

[0017] -IrLT, ftRWfeti. 06(C) fcj^tJ: 
3fe, +'&OjM*»Ktftt3&W*L, M^ffm^^ 
aM^^iBN*^l4,iiS, ^^T^agcogjS^fe 
i^Uf, a/Mt«I^BNii^o^<7)j: ^ feifiJDffi-r 

wc«*<. w-Wj:*yi-vrt-<rmm\zmmm-z> 

[ 0 0 1 8 ] *Jfc, *^c7)^t^fei3UTflJffl-tl. 

%&z&&ffimmzmttz$>i-i/^-mwym$\£ft 
hzt#x*i*&. *fc N ffi^-f^yffl^ffl^s^kfe 

[00 l 9] ^«Kft636*:J:-jT#i?>nfc 
iUDlStf -3 fell LT (4, -e^ft/WOeSB Mz-Stti 

i7cM*J *>m£tiMSM ^yt'-A^fflv^^^- 

ysijy^flp^tfei^T. *njityv)yym 
<nA *ytfM>mtt.mmuWz : &A%tiX t> , 

[0020] -^r, *^Bj^yf-WA-sft/j^f 
14. ±fe^^fe4 -p -CMit§tLl>M/J^^e^^ y 



( 

5 

X. ffi*Sfflft?tltl^S i HXlfS i3 Ni 

-£*ffi. AiWfcfcl. Au, Cu, Nb, Ti, Co, 
Ni, Fe, Ag, Al, Pd, Pt, t^tGeCOjt 

titiffimzftU] y^f^~mm.A^mxht . zvx 

[0021] 

bjjbt&s. a-r. H7 (a) <,z^?£ot,z. mfek®. 

£ oH^aS 1 1 H yf- Ua- 2 <y)fflgfcHi#fcffi£3 
i«fStU #yf-UA-2£S i 3 N4 

ta^&a. ^<7)H7 (a) Kisufcafigfcffcs 

( a ) fir ij y f- w\— 2 crMWkZJ ^ 
y/U Ht, a^SHfflO*^<OX-yf-y^J; OK 

>-f-WsV2c7)tlTt^{is 1 OOwmggT* 

So 

[0 0 2 2] 127 (A) ^yfl/A'-2^)|4 
yb'-A&itiS!g«i-a ; t fcj: 0 . |b]0 ( B ) fc^f 

zcom^mmm3c^^n, mum 

ffl«ffi&&OUi-ffl#2 0—3 0^mgjg-C\ 
|5l«t2 0~3 0/xmT*4. 
[ 0 0 2 3 ] H8 tc^co j; -5 $rfl£x*/Hr*>**4 *y 

fi. t-^tJ:01lfiR3n*»*4«-f*>«81. -e 
<o-f * y$ 0 ft Ln<&&8mU2td&\ § ffi Llffis 
2, ■Y^>1lg8 1^g|§ajSixfe>f3ry2rj|iS$^ 

7 4/P?84fcJ:lXt'-A7A'--f--v8 5. t*-A£j£ 

—y-y hTmrnftTJ ^y^-^M^-tiM^uy 

X8 7. MJJgf§^-t' 7 f*M'8 
8. foiW^cO^-y-y h*;^88^?f^GS:^-LT 
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[0024 ] 8*&K>f *y'M8 1 «±M@i9 1 
£9jE<Httt6t5-£&*u ;^«*^Ja-i^yii8it 
Hi tmffi8 2 1 rafflfctt, W#fflt^ sfyjH8 1 1*1 
?M *y£gi£ <3ft£ . 

[ 0 0 2 5 ] 4fc, W^Gt J:r»Tfl!wMWaSWc*rL 
TW:7o-r< y^Mg^^^^c^-^'y h 

10 -y>yh^r8 8> s 3fe€»l3t^f#oSMUyX 
X'h&m9UyX8 70>f~y<y h*/kT8 8W<0JW 

saturate, mmimmztii x 5 tsc^Tn 

fc-r ^-y f-A+^i # tbSiir *y tr-Attt** 

[0026] £Lh««i£(: J: 0 , mifcikm<< ^yms l 
*^5l^aj$ixTM$fi7t^^-y{±3yTy-9-uyx 

20 -c/l'^84fcJ:lKh"-A7A-f-^8 5tj:o-CFjtl^ 

^■y«5o^*^ij$ti s s^^<o#-a^^^-y*^^l. 

h"-A(4«|6j»ffi8 6 &®T^l^yX8 7 «fc ill 
fcA^^fL, ^M*T-y h>^f-3^— Jr'-y h^;^8 8 
±<J0^-y-y hTco^MtJgfRf ^-y-y hTW 

ft. hT(ciiJ^t^-f7}-yh'-A(4. Mmjl 

y-y hTfci(»t5. 
30 [0027] £<7)J; 5 ^r«3S«|g^So^>f->j-yh*- 
Agffi^rfflV^T. H7 (A) tTKL^^yf-WN-2^ 

-A SrfifS^ffix *A"¥fcJSILTittKWf1-4 ; k (c 
i 1 ?. 07 (B) fc*Lfc«'MH«SB336«l»fe#i&. 
Wttf. ^-^^yh'-^i: Lt Au* K'-A^fflvi 
itli 50eV«x^^t'^yf-W\"-2<OgS 

( A ) - ( C ) LJtjfigfc J: 0 , i^litKO A u £*f 

40 1// N'-MI^/J^lt*^ <3*l « . 

[0 0 28] AFMfflC9#y-f W\'-Sf8M£ 

IMkfc J: ft*«tt«*flaWt t*^*%fc s STMtCffl 

[ 0 0 2 9 ] ffix*;Mr«S-f ^yt-At L 
50 t v Co* , Co2**^ttft^>f^yt'-A*fflV^ 



7 

mmy *-%Mfcm^t%m%&tiz. t iz* o , 

fc^S^BBWM&Srjgfc-f %<vmt IXH 
[0030] *»W>18Wr8cfciJVvc, tSt/J^SSB 

* a ffix ju^^f * y t- a £ tzimm 

fc£tta»&*4tlt/Mf4B5B 3 i t 

«lSjfitfiv^T£OJi3**K-f*>'tr-A'lb&«r 
i&ftfffiitTti. ±IE^Au, Co«l3i\ Cu, N 
b, Ti, Co, Ni, Fe, Ag, A 1 , Pd, Pt 

fr&htt-ki&i tz\$tt&mx'ftm-% ; t h . 

[ 0 o 3 l ] «Hto#yj-w<-^i/J«tt 
(1, ^f«/Mt«S3^#»t LTJi, ±J2Lfc7c* 

*LTV>& S i S-Ufc^TOJtMtfc^S,! t#T'# I. .. 
[ 0 0 3 2 ] £ <o Jt 5 K»/>#Mjg§B3 «0tf«OA" y x 

-y 3 ti>itf±. aasa^t 

[ 0 0 3 3] ±!BL£m<?m®ti3VvCl2, 

itzm s^Ktz ft , # y ?- i/A- 2 ±oafw«sgia 3 

[0034] -T^^^ s 09 tSJilS^IMESrSt 
■t&fliMte, (A) «JC-5e*6*»W>*<)±*»0 

A-2££8U:tK 09 (A) t^Hi^p^^t 
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iet^H6 (b) <7)wm^$m-<*yv-&*m®L 
fzWr^bnm^w-mm%^ <e«n, H9-<b> t 

[0035] at, a±<o*»BH*s<o#iat^«awc 

a, 0i o (A) (c^iT^ftT^^Htw^ft? 

10 r-r ym&mfizffimx-hztf. zwxozimiA 

MHZ J; -> T#6ftfciW>#t*S§B3 ifctfiJi 3 ' fc J: -? 

t *> , * a v Virata l tzmMcommm\z x ~> xnhti 

tzWMm^mzi r>Ti) s A F M»«J6*EfeWKT-t 
i 00 1 0 ( A ) <?)£ o %?n7 a -Jl-Zn-omteW 

%t&i&&. mm (b> ^-tiafc, aw^flttssBN 

tiiaDl-taitT', 01 0 (O fc*i-j:'5.fc«'h# 

MHN t iOT^SrffiM? AF MftOgStft 
[0 03 6] Z<DXo%mtttJL£.miX&. Wt. Ga 

&wmN<r)ttmzttK%7m(r)4*y*m^tzwm. 

30 ^^■yt'-A^ia-r^ysuy^fla^tT'. 

[ 0 0 3 7 ] 0 1 1 HZ^<rmMT-<rm^f^t. Z\cr>Mt,Z 

m^x. mzuz^mmmmizx^xmitzwt 

ffl<7)ft^-f Jf>t*-A t LTs X*/1^2 0 k e VWA 
^tyf-A^l^l,. iO^, 01 1 (A) C 
S-f «t o . fthttRSSB 3 Lfe t # «*«-f 4- 
y t- a i o t f - J±m i. <9 /h $ < L s 0 8 tziffi L 

tzmu yty\L-j±ms.comfamm8 6 ici^t. -eo 

(il^0 ( B ) t^-fj: otzX *)TX^ hitn^um^ 

iztiaxzti, 010 (a) iz^i fz£d%mmzco 

AFM«^SMf$ilS„ 
[00 38] i^JtfctJSJV^TWtsaB^Sjftll, tR 
'Mmmm 3 2- h txMco 4 ^yt—Mz£ 

yvjyfth&xh*), Z-tLfcX*). 4*ywy? 
izm^h a * ytfwnw^m 3 tf±A s fix t> w 
t * ^> 4 < ^ o , &mnz x o a^tttt^e s «o««a* 

iST^Clt^ft^. 
50 [ o o 3 9 ] ; <o J: ^ ««/M*g8B<03afciIo 



(6) 
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-Ate X . fliRtf&ft^ £«MHS-ffl*) ffiS £ t T" 
[ 0 0 4 0 3 t fc, *56W«JCffli: LT , fifc/MttKSSS 

isBsiwt»5e<oAiuaR& ^wftt LxaA-r ft £ t 

[004 1] 

x*/ l^ff * y f - A £ # y f - W N-<7) g Etjigjg^ 
^-^Wl^Wlcsgaf-f ft £ t izX ot s 

*^5r & IW>#«SaB**f ft t y^-Vrt-WMWm 

wWfflawsfc^fciftLLS-tf-* i t jftfr § ft 1 1 1 
£ftft£fc#T'#ft. 

[ 0 0 4 2 3 1M^3^#£03HRS#fif* 
fit v ft ft * yf- U ; <-M8bNSStf#?§ 

x*mj)MmB\<7yyu-7t lt, *ft^{±asa-\-y 

Kfc LTffifflnrSgft^y-^l'/N'-»hS#tSrflft £ fc 
, A u ^ffl^ft £ fc (c J; -3 T SaflSSSHteJt LT 



ft£hft< . L^tSSfttiftSmtt^Wftv^ 
STMtffli vc^V^i ^ yf- vrt-Wbwmtfll 

[01 3 i*«i/7'j*a(;j:4*yfi/A'-i«/jxi 

io [03 3 l^t<&*«^ry#&£j;s#yf 

[04 3 feXvi'TVxmzX Dftfcftfc&S'f-W'C- 
[05 3 1M Kx.y^-y^|r^L-C^*W*y^WS- 
[06 3 *^^M3t^^Hlg^«tJ3ftft^]N#+ 

[08 3 *fM*0tBi*atJB^ft<7){:jitJtS^'>f * 
[09 3 *^ B ^^*a«ffic7)||]ffec7)^tfc(ti,a 
[010 3 a/J>it«^eoiijDX(0^ffi60|iiBesi 

[0113 *n>«««js*aK:fc*(tfta/jN#M^ee«ii 

1 ®sm& 

2 #yf-UA'- 

3, 3' «*#M*£jg 



(A) 



10 



1U 




(A) 1Z 



[03] 
(6) 



1 1 



X 

10 



J2 



10a 



[04] 




[05] 



K 



20 



100 
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